Elastic neutron di6'raction has been used to study the structure and layering of nitrogen films adsorbed on the (002) surfaces of an exfoliated graphite substrate. The neutron-di6'raction pattern of the fully compressed monolayer at a coverage e= 1.67 layers and a temperature~11 K which we reported earlier has been reanalyzed (unity coverage corresponds to a complete layer having the commensurate &3 X &3 structure). We now find it to be consistent with a four-sublattice pinwheel structure as well as the two-sublattice herringbone structure which we found previously. Below 11 K, we infer crystallization of the bilayer at e between 2.6 and 3.3 layers. As the coverage is increased further, di8'raction peaks from bulk particles are first observed at 6=3.7 layers, and their intensity increases linearly with 8 up to 10 layers. It is suggested that two amorphous or highly disordered layers of N2 may adsorb above the fully compressed monolayer prior to bilayer crystallization and a single such layer may adsorb above the bilayer prior to bulk nucleation. From analysis of the di6'raction pattern at 8 = 3.3 layers, we infer that the bilayer crystal, like the fully compressed monolayer, is slightly distorted from hexagonal symmetry. The two N2 layers are commensurate with each other and have the same density, which is slightly less than that of the fully compressed monolayer. While we are unable to reach a definitive conclusion on the type of orientational ordering in the bilayer, we present some arguments favoring a pinwheel structure, possibly with more orientational disorder in the first layer than in the second. At coverages 8=6.4 and 8.0 layers, we find no change in the bulk peak intensities at 23.4 K, where a large heat-capacity peak has been observed. We conclude that a layering transition does not occur at this temperature and suggest instead that the heat-capacity peak may result from the melting of the second layer. Based on this interpretation, we propose a new phase diagram for the N2-graphite system which is consistent with both heat-capacity and neutron-diA'raction data.
LEED sufFers from multiplescattering effects which complicate the interpretation of the diffracted beam intensities. Since both electrons and x rays scatter from the electron charge cloud, the diffraction patterns are attenuated at large wave vectors by the molecular form factor.
Elastic neutron diffraction has some advantages over both LEED and x-ray scattering for investigating mo1ec-ular orientational ordering in monolayers of nearly spherical molecules. ' Because neutrons scatter from pointlike nuclei rather than the electron charge cloud of the molecule, the neutron-diffraction patterns are not attenuated by the molecular form factor. Nuclear scattering also results in greater sensitivity of the higher-order Bragg rejections to the molecular orientation. The molecule appears as a dumbbell to neutrons rather than having the nearly spherical shape of the electron charge cloud. Thus some of the higher-order Bragg reAections which are undetectable in LEED and x-ray experiments can be quite sensitive to the molecular orientation. In our previous experiments, ' we were able to infer the molecular orientations at low temperature in the commensurate (Q and uniaxial Fig. 1(a) , the glide-line symmetry implies that P& =$2 and also that their N -N bond is parallel to the surface [(P=O in Fig. 1 ture of point quadrupoles. Two basic models were explored: (1) a "free" bilayer in which the molecular orientations are not subject to a substrate crystal field, and (2) an "in-plane" bilayer in which the substrate crystal field is so strong that the linear quadrupoles of the first layer are constrained to be planar. The ground state of the free bilayer has the same symmetry as two (111) planes of bulk u-N2. Each layer has the four-sublattice pinwheel configuration illustrated in Fig. 1(c) had inferred an out-of-plane or "two-out" herringbone structure for the TI phase. Nevertheless, it was diScult to exclude the possibility of a pinwheel structure [Fig. 1(c)] due to the large parameter space which needed to be surveyed (particularly the angles P and I3). Thus when recent ground-state calculations' favored a pinwheel structure for the fully compressed monolayer and, moreover, gave an explicit parameter set as a starting point for our fitting procedure, we were strongly motivated to reanalyze the neutron-diffraction pattern of the TI phase.
In Fig. 2 value was constrained to be the same for these three molecules and was found to be about 10 less than for the herringbone structure. The fits to both the herringbone and pinwheel models in Fig. 2 (c) Diffraction pattern of the bare Papyex. In addition to the graphite peaks, the aluminum (220) peak from the sample cell can be seen. Gaps appear in the film pattern in (a) and (b) Fig. 3(b) , for 8=3.30 there is an increase in the scattering at higher Q with the peak at Q=4. 1 A becoming more prominent.
We interpret the coverage dependence of the diffraction patterns in Fig. 3 (a) low-Q region and (h) high-Q region. At each coverage, the diffracted neutron intensity has been scaled to the same number of monitor counts in the incident beam. The same solid curve from Fig. 2(b) has been superimposed on the patterns at 0=1.67 and 2.60. The solid curve at 0=3.3 is calculated for the pinwheel model of the bilayer in Fig. 7(b) .
ages. The bilayer crystal should contribute to the diff'raction patterns at all coverages 6~3.30 (see Fig. 4 ).
Unfortunately, the bulk Bragg peaks overlap with those of the bilayer and are too intense to allow a bilayer structural analysis. Therefore, in this section we only attempt to fit the 6=3.30 pattern to different bilayer crystal models. As before, we assume that scattering from disordered layers above the bilayer crystal do not contribute significantly to the diffraction pattern.
We first investigated a bilayer model in which both layers were constrained to have the herringbone structure of Fig. 1(a) Table  I ). The best fit which could be obtained to the 8=3.30 difFraction pattern is shown by the solid curve in Fig. 7(a Fig. 6(b) . To fit the Bragg peak positions, a nonhexagonal unit cell (a&b) was required. For initial values of the orientational parameters P and P, we chose a set determined by Bruch' in ground-state calculations. The solid curve in Fig. 7(b (Fig. 7) . Three different bilayer models are considered: herringbone, pinwheel, and herringbone (first layer)-pinwheel (second layer). The labels I and II refer to the first and second layers, respectively. All parameters are defined as in Table I .
Subscripts denote molecule number defined in Fig. 6 . The center-of-mass heights z of the second-layer molecules are measured with respect to the plane containing the first-layer centers of mass (in the case of the pinwheel first layer, this plane is defined by the centers of mass of the three nonperpendicular molecules Table I ). In Fig. 8 we show the neutron-difFraction patterns from a 6.4-layer sample at 10.5 and 26.0 K. These temperatures are, respectively, below and just above 23.4 K, the temperature at which a large heat-capacity peak is observed. Vfe see that all of the bulk peak intensities with the possible exception of the ones labeled I and n in Fig. 8(b) are temperature independent. This is shown with greater sensitivity for the bulk (200) peak in the inset of Fig. 8(a) . If the amount of bulk material had decreased as a result of a layering transition, we would expect the integrated intensity of each of the bulk peaks to decrease by about -, '. ' Thus our data do not support a transition from two-layer -plus -bulk to three-layer -plus -bulk as the sample is heated through 23.4 K.
In an effort to find an explanation of the heat-capacity peak at 23.4 K which is consistent with our neutrondiffraction results, we have considered the possibility of it being caused by the melting of the second layer of the bilayer crystal. If such were the case, it is likely that the -1.5 layers of disordered material above the bilayer crystal would also become mobile. Thus above 23.4 K there would be a solid first layer covered by a total of -2.5 fluid layers. Like the upper amorphous layers, this fluid comp'onent should produce broad and weak peaks which are difficult to resolve in the presence of the Bragg peaks of the coexisting bulk phase (for the 6.4-layer sample, the bulk material corresponds to a coverage of about 2.8 layers). For this reason, we have also obtained diffraction patterns from a 3.30-layer sample at 28. Fig. 7(b) 
